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5,780.776 
1. 

MULTILAYER CRCUT BOARD UNT 

BACKGROUND OF THE INVENTION 

The present invention relates to a multilayer circuit board 
unit for mounting surface mounting components thereon 
and, more particularly, to a multilayer circuit board unit for 
performing high-density mounting that realizes a reduction 
in size and weight when mounting semiconductor chips. 

Conventionally, as a multilayer circuit board unit of this 
type, one disclosed in Japanese Patent Laid-Open No. 
4-18787 shown in FIGS. 6A to 6E is known. According to 
the mounting method disclosed in this reference, a chip 
component 103 and a jumper chip 104 are soldered to a 
wiring pattern 102 formed on a printed board 101. as shown 
in FIG. 6A. A liquid resin, e.g., an epoxy resin, is poured 
onto the surface of the printed board 101 on which the chip 
component 103 and the jumper chip 104 have been mounted, 
and is thermally cured to form a burying resin layer 106 for 
burying the chip component 103 and the jumper chip 104, as 
shown in FIG. 6B. This burying resin layer 106 is formed 
thick enough to fully bury the chip component 103 in it and 
to enable the top end portion of the jumper chip 104 to be 
exposed outside of it. The surface of the burying resin layer 
106 is then planarized by mechanical polishing. 

Subsequently, a silver-based thermosetting conductive 
paste is printed on the burying resin layer 106 by screen 
printing and is thermally cured to form a conductive pattern 
107, as shown in FIG. 6G. In this manner, a first mounting 
board 108 is formed. The conductive pattern 107 is in 
contact with the exposed upper end portion of the jumper 
chip 104 so as to be conductive with the wiring pattern 102 
of the printed board 101. 
As shown in FIG. 6D, a second mounting board 116 

having a printed board 111 consisting of an insulating board 
109 and a wiring pattern 110 and formed in the same manner 
as in the steps of FIGS. 6A to 6C, and a second mounting 
board 116 having a chip component 112. a jumper chip 113, 
a burying resin layer 114, and a conductive pattern 115, is 
formed. 

As shown in FIG. 6E, the surface of the first mounting 
board 108 where the conductive pattern 107 is formed and 
the surface of the second mounting board 116 where the 
conductive pattern 115 is formed are joined and thermally 
bonded to each other by thermocompression through an 
anisotropic conductive film 117 so that they are integrated 
with each other, thereby electrically connecting the printed 
boards 101 and 111 to each other. 

However, in the conventional multilayer circuitboard unit 
described above, each mounting board has a thickness equal 
to or larger than the sum of the thickness of the printed board 
and the chip component. When two mounting boards are 
stacked to face each other, the entire multilayer circuitboard 
unit becomes thick. A resin is sealed in each mounting board 
to substantially cover its entire surface, leading to a heavy 
multilayer circuit board unit as a whole. After the burying 
resin layer is formed, a mechanical polishing step for 
exposing the jumper chip is required, making the manufac 
turing operation cumbersome, 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a small, 
lightweight multilayer circuit board unit which can be 
manufactured easily. 

In order to achieve the above object, according to the 
present invention, there is provided a multilayer circuit 
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2 
board unit comprising a plurality of printed boards having 
printed circuits on surfaces thereof and stacked on each 
other, an electronic component mounted on at least one of 
the printed boards and arranged between the printed board 
and an adjacent printed board, connecting means for elec 
trically connecting the printed circuits of the printed boards 
to each other, and a notched hole formed in the adjacent 
printed board to correspond to the electronic component. 

BRIEF DESCRIPTION OF THE DRAWENGS 

FIG. 1 is an exploded sectional view for explaining the 
manufacturing process of a multilayer circuit board unit 
shown in FIG. 2; 

FIG. 2 is a sectional view showing a stacked state of a 
multilayer circuitboard unit according to an embodiment of 
the present invention; 

FIG. 3 is a sectional view showing a stacked state of a 
multilayer circuit board unit according to another embodi 
ment of the present invention; 

FIG. 4 is an enlarged sectional view showing bumps and 
anisotropic conductive films formed on the printed circuits 
of the printed boards at a portion of the embodiment of FIG. 
2 that in the interest of clarity, does not include the notched 
hole and electronic component; 

FIGS. 5A to SF are sectional views showing another 
example of the manufacturing process of the multilayer 
circuit board unit shown in FIG. 2; and 

FIGS. 6A to 6E are sectional views showing the manu 
facturing process of a conventional multilayer circuit board 
unit. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENTS 

The present invention will be described in detail with 
reference to the accompanying drawings. 

FIG. 1 shows a multilayer circuit board unit according to 
an embodiment of the present invention, and FIG. 2 shows 
a stacked state of the multilayer circuit board unit shown in 
FIG. 1. Referring to FIGS. 1 and 2, three printed boards 10, 
20, and 30 are stacked. Semiconductor chips 41 and 42 as 
mounting components are mounted on the lower printed 
board 10 by flip chip bonding. Semiconductor chips 51 and 
52 as mounting components are mounted on the intermedi 
ate printed board 20 by flip chip bonding. Anisotropic 
conductive films 60 and 70 are interposed between the 
printed boards 10 and 20 and between the printed boards 20 
and 30, respectively, to form circuits among the printed 
boards 10, 20, and 30. 

In the above embodiment, the semiconductor chips 41 and 
42, and 51 and 52 are mounted on the printed boards 10 and 
20, respectively, by flip chip bonding. However, even if 
semiconductor chips are mounted by chip-on bonding 
(COB), as shown in FIG. 3, the same effect can be obtained. 
The mounting components are not limited to the semicon 
ductor chips 41, 42, 51, and 52, and the same effect can be 
obtained when other components, e.g., surface mounting 
components such as a chip resistor or a chip capacitor, are 
mounted. 
Notched holes 21 and 22 are formed in the intermediate 

printed board 20 to correspond to the semiconductor chips 
41 and 42, and notched holes 31 and 32 are formed in the 
upper printed board 30 to correspond to the semiconductor 
chips 51 and 52. Therefore, when the lower. intermediate, 
and upper printed boards 10, 20 and 30 are stacked, the 
semiconductor chips 41 and 42 will not interfere with the 
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adjacent printed board 20, and the semiconductor chips 51 
and 52 will not interfere with the adjacent printed board 30. 

In the above embodiment, notched holes are formed in 
only one printed board adjacent at least to the mounting 
components. However, if the thickness of the mounting 
component is larger than that of the printed board, notched 
holes may be formed in all printed boards with which the 
mounting components should not interfere. When the end 
portion of the lead wire of the mounting component projects 
to the lower surface of the printed board, anotched hole may 
be formed in a lower printed board below and adjacent to 
this printed board so that the projecting end portion of the 
lead wire will not interfere with the lower printed board. 
As shown in FIG. 4, a printed circuit 13 is formed on the 

upper surface of the lower printed board 10, printed circuits 
23 are formed on the upper and lower surfaces of the 
intermediate printed board 20, and a printed circuit 33 is 
formed on the lower surface of the upper printed board 39. 
Projecting bumps 13a, 23a, and 33a are formed on the 
printed circuits 13, 23, and 33 which are to be conductive 
with the printed boards 10, 20, and 30 that become adjacent 
to each other when they are stacked. 
The bumps 13a, 23a, and 33a can be formed by, e.g., 

depositing the copper patterns of the printed circuits by gold 
plating or the additive process and thereafter gold-fashing 
the surfaces of the deposited copper patterns. The heights of 
the bumps 13a, 23a, and 33a may preferably designed to be 
equal to those of solder resists 14, 24, and 34 formed on the 
printed boards 10, 20, and 30 to insulate the printed circuits 
13, 23, and 33. or be larger than them by 10 to 20 m. 

In this manner, the anisotropic conductive films 60 and 70 
are sandwiched between the printed boards 10 and 20 with 
the printed circuits 13 and 23 on which the bumps 13a and 
23a are formed and between the printed boards 20 and 30 
with the printed circuits 23 and 33 on which the bumps 23a 
and 33a are formed, respectively, and are positioned. The 
anisotropic conductive films 60 and 70 are positioned in 
accordance with the shapes of the two printed boards that 
sandwich the anisotropic conductive film 60, and the shapes 
of the two printed boards that sandwich the anisotropic 
conductive film 70. More specifically, the anisotropic con 
ductive film 60 is formed to correspond to a through hole 25 
and the notched holes 21 and 22 of the printed board 20, and 
the anisotropic conductive film 70 is formed to correspond 
to the notched hole 22 of the printed board 20 and the 
notched holes 31 and 32 of the printed board 30. 

Therefore, the bumps 13a and 23a oppose the anisotropic 
conductive film 60 to come into contact with it, and the 
bumps 23a and 33a oppose the anisotropic conductive film 
70 to come into contact with it. In this state, a pressure is 
vertically applied to the resultant structure, and the structure 
is heated, to electrically connect the printed circuits 13, 23, 
and 33 to each other. As a result of thermocompression 
bonding, the anisotropic conductive films 60 and 70 have 
conductivity along a direction across electrodes that oppose 
each other and insulating properties along a direction per 
pendicularly intersecting the electrodes. 
The heating temperature at this time may be set to 160° C. 

to 190° C. at the conducting connecting portions of the 
anisotropic conductive films 60 and 70. The pressure may be 
set to 10 kg/cm to 50 kg/cm at the conducting connecting 
portions of the anisotropic conductive films 60 and 70. 
The conductive paths may be formed among the printed 

boards 10, 20, and 30 in accordance with other methods. For 
example. in place of forming the bumps 13a, 23a, and 33a 
on the printed circuits 13, 23, and 33, thick conductive balls 
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4 
may be formed on the two surfaces of each of the anisotropic 
conductive films 60 and 70, and these balls may be pressed 
by the printed circuits 13, 23, and 33, thereby pressurizing 
the anisotropic conductive films 60 and 70. Alternatively, a 
conductive paste may be applied on the printed boards 10. 
20, and 30 to form circuits in the same manner as soldering. 
Not only the notched holes 21, 22. 31, and 32 but also 

resin-pouring through holes 15, the resin-pouring through 
hole 25, and a resin-pouring through hole 35 are formed in 
the printed boards 10, 20, and 30. The through holes 15 in 
the printed board 10 communicate with the through hole 25 
and the notched holes 21 and 22 in the printed board 20, and 
with the through hole 35 and the notched holes 31 and 32 in 
the printed board 30 in the stacked direction of the printed 
boards 10, 20, and 30. More specifically, the through holes 
15, 25, and 35 are formed at positions of the printed boards 
10.20, and 30 where the semiconductor chips 41.42, 51, and 
52 are mounted. When pouring the sealing resin around the 
semiconductor chips 41.42, 51, and 52, a sealing resin 80 is 
poured through the through holes 15 in the lower printed 
board 10 corresponding to the mounting positions of the 
semiconductor chips 41, 42, 51, and 52. 

In this manner, when the sealing resin 80 is poured not 
through the through hole 35 or the notched holes 31 and 32 
in the upper printed board 30 but through the through holes 
15 in the lower printed board 10, and when the apertures in 
the printed boards 20 and 30 are utilized as air vent holes. 
the sealing resin can be charged onto the surfaces of the 
semiconductor chips 41. 42, S1, and 52 and on the connect 
ing portions of the bumps 13a, 23a, and 33a without forming 
voids. The resin may be sealed from above as required. 
The sealing resin 80 poured through the through holes 15 

is charged in the notched holes 21, 22, 31, and 32 to fix the 
printed boards 10, 20, and 30. The sealing resin charged in 
the space around the notched hole 22 formed in the printed 
board 20 has an effect of fixing the lower, intermediate, and 
upper printed boards 10, 20, and 30. 

In the embodiment described above, all the printed boards 
10, 20, and 30 are electrically connected to each other by one 
thermocompression bonding operation. However, these 
printed boards may be connected one by one as shown in 
FGS. SA to SF. 
As shown in FIG.5A, semiconductor chips 41 and 42 are 

mounted on a printed board 10 by flip chip bonding or the 
like and electrically connected to the printed board 10. As 
shown in FIG. 5B, an anisotropic conductive film 60 is 
arranged on the printed board 10. As shown in FIG. 5C, a 
printed board 20 is positioned on the anisotropic conductive 
film 60, and the printed boards 10 and 20 are electrically 
connected to each other by thermocompression bonding. 
Thereafter, a sealing resin is charged around the semicon 
ductor chips 41 and 42. 

Subsequently, as shown in FIG. 5D. semiconductor chips 
51 and 52 are mounted on the printed board 20. As shown 
in FIG. 5E, an anisotropic conductive film 70 is arranged on 
the printed board 20. Thereafter, as shown in FIG. 5F, a 
printed board 30 is positioned on the anisotropic conductive 
film 70, and the printed boards 20 and 30 are electrically 
connected to each other by thermocompression bonding. 

According to the embodiment described above, when 
stacking the printed boards 10, 20, and 30, since the notched 
holes 21, 22.31, and 32 are formed in the printed boards 20 
and 30 in order to prevent them from interfering with the 
semiconductor chips 41 and 42, and 51 and 52 mounted on 
the adjacent boards, an increase in thickness of the multi 
layer circuit board unit can be prevented. Since the bumps 
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13a, 23a, and 33a are formed on portions of the opposing 
printed circuits 13, 23, and 33 of the adjacent boards that are 
to be conductive with each other and the anisotropic con 
ductive films 60 and 70 are sandwiched among the adjacent 
boards, the printed circuits 13, 23, and 33 are rendered 
conductive with each other only through the bumps 13a, 
23a, and 33a upon thermocompression bonding. When 
charging the sealing resin, since it is charged only around the 
semiconductor chips 41. 42, 51, and 52, the amount of 
sealing resin can be decreased, thereby decreasing the 
weight of the entire multilayer circuit board unit. 
As has been described above, according to the present 

invention, notched holes are formed in the printed boards to 
prevent them from interfering with the mounting 
components, and thereafter the printed boards are stacked. 
There can be provided a multilayer circuit board unit whose 
total thickness can be decreased. This is because the 
components, e.g., a semiconductor chip, can be buried 
within the thickness of the printed boards. Furthermore, 
since the components are mounted three-dimensionally, the 
flat mounting area can be decreased, realizing a reduction in 
size of the multilayer circuit board unit. 
The printed circuits of the adjacent printed boards can be 

easily made conductive with each other only through pre 
determined locations while preventing them from unneces 
sarily becoming conductive with each other. This allows a 
reduction in weight, since electrical connection among the 
printed boards is achieved through bumps on the printed 
circuits, in place of jumper switches described in the con 
ventional case. In the conventional case, a conductive pat 
tern formed by printing a conductive paste by screen print 
ing is used. However, such a conductive pattern is not used 
in the present invention, largely contributing to a reduction 
in weight. 
The resin is sealed across a plurality of printed boards, so 

that sealing of the resin and fixing of the printed boards can 
be performed simultaneously. This also allows a reduction in 
weight because of the following reason. The sealing resin of 
the present invention is present only in the space around the 
mounting components and has a smaller thickness. 
Therefore, as compared to the resin amount of the conven 
tional burying resin layer, the amount of resin used in the 
present invention is greatly decreased, which largely con 
tributes to a reduction in weight. 

Furthermore, the plurality of printed boards can be fixed 
simultaneously easily, and it suffices to pour the resin onto 
the respective mounting components at once from above. 
facilitating the sealing operation itself. 
A reduction in total cost can be realized, because a 

reduction in number of components and material to be used 
and simplification in manufacturing process are possible. A 
reduction in number of components and material to be used 
will be described in comparison with the conventional case. 
The jumper switch and a solder for mounting the jumper 
switch, which were used in the conventional case, are not 
used in the present invention. The amount of resin to be used 
is largely decreased in the present invention. Regarding 
simplification in manufacturing process, the conventional 
case requires the step of planarizing the surface of the 
burying resin layer in accordance with mechanical abrasion, 
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6 
and the step of forming the conductive pattern with the 
conductive paste in accordance with screen printing. 
However, these steps are not required in the present inven 
tion. 
What is claimed is: 
1. A multilayer circuit board unit comprising: 
a plurality of printed boards having printed circuits on 

surfaces thereof and stacked on each other; 
an electronic component mounted on at least one of said 

printed boards and arranged between said one of said 
printed boards and an adjacent one of said printed 
boards; 

an anisotropic conductive film sandwiched between each 
adjoining pair of said printed boards for electrically 
connecting said printed circuits of said printed boards 
to each other; and 

a notched hole through said adjacent printed board and at 
least one adjoining said an isotropic film to make a 
space for said electronic component. 

2. A unit according to claim 1, wherein said anisotropic 
conductive film is bonded by thermocompression to attain a 
conductivity along a direction across said printed circuits 
and insulating properties along a direction perpendicularly 
intersecting said printed circuits. 

3. A unit according to claim 1, further comprising a pair 
of bumps made of a conductive material and formed at 
conductive connecting positions of said printed circuits of 
said printed boards that oppose each other, so that said 
anisotropic conductive film is sandwiched between said 
bumps to electrically connect said printed circuits of said 
printed boards. 

4. A unit according to claim 3, further comprising insu 
lating films formed on said printed boards to insulate said 
printed circuits, so that said bumps are formed to have a 
height equal to or slightly larger than that of said insulating 
films. 

5. A unit according to claim 1, further comprising a 
sealing resin in the space around said electronic component 
in the notched hole. 

6. A unit according to claim 5, further comprising through 
holes formed in said printed boards to communicate with the 
notched hole along a stacked direction of said printed 
boards, and said sealing resin is poured through a one of said 
through holes in at least a lowest one of said printed boards. 

7. A unit according to claim 1, wherein said electronic 
component comprises one of a semiconductor chip, a chip 
resistor, and a chip capacitor. 

8. The unit according to claim 1, wherein said notched 
hole extends through a further adjoining said anisotropic 
film so that the space has a thickness greater than a com 
bined thickness of said adjacent printed board and both said 
adjoining anisotropic films. 

9. The unit according to claim 1, wherein said notched 
hole extends through a further one of said printed boards so 
that the space has a thickness greater than a combined 
thickness of said adjacent and said further printed boards. 

10. The unit according to claim 9, wherein a further 
electronic component is within the space. 
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